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Dependent Uncoupling
Aleksey Vladimirovich Zholobenko1, Martin Jaburek2,
Ange Mouithys-Mickalad3, Didier Serteyn3,4, Martin Modriansky1.
1School of Medicine, Palacky University, Olomouc, Czech Republic,
2Institute of Physiology, Academy of Sciences, Prague, Czech Republic,
3Centre for Oxygen, R&D (CORD), Institut de Chimie, Universite de Liege
Sart Tilman, Liege, Belgium, 4Faculte´ de Me´decine Ve´te´rinaire, Universite
de Liege Sart Tilman, Liege, Belgium.
Quercetin is a flavonoid, proposed to be capable of modulating mitochondrial
activity and thereby exerting biological effects, including signaling by reac-
tive oxygen species production. These effects are instrumental to ischemia-
reperfusion induced changes in the heart. We tested the effect of quercetin
on respiration of whole H9c2 cells, a model cell line derived from cardio-
myoblasts. Brief treatment with quercetin up to 25mM had no effect, while
24 hour treatment with quercetin caused a decrease in the routine respiration
relative to vehicle (<0.05) and an increase in maximum respiration relative to
vehicle (<0.01). To measure changes in respiration of H9c2 cells immedi-
ately following ischemia, we treated the cells just prior to 60 minutes of
simulated ischemia. There was no significant difference between treated
and untreated ischemic cells. However, the routine coupling control ratio
(CCR) in quercetin treated ischemic cells was significantly lower than that
of ischemic cells treated with vehicle (<0.05). We also monitored the
changes in respiration of intact H9c2 cells in DMEM after 3 hours of simu-
lated ischemia and 3 hours of reperfusion. Quercetin treated ischemic cells
demonstrated significantly lower routine CCR (P<0.05). Likewise, quercetin
treated ischemic cells showed higher non-phosphorylating resting respiration
than vehicle treated ischemic cells (P<0.05). Hence, data suggests that quer-
cetin, below 25mM, behaves as a mild uncoupler of mitochondrial respiration.
To test this hypothesis we treated isolated rat heart mitochondria with sequen-
tial additions of 4mM quercetin. Quercetin indeed displayed an effect resem-
bling that of an uncoupler. Furthermore, the uncoupling effect of quercetin
was diminished by using bongkrekic acid and carboxyatractyloside, two
known inhibitors of adenine nucleotide transporter (ANT). Our data support
the role of quercetin as a positive regulator of ischemic changes via ANT-
dependent uncoupling.
(The research was supported by grants CZ.1.07/2.3.00/30.0041 and LO1304)
1556-Pos Board B507
Impaired Cell Surface Expression of ATP1A3 Mutations Associated with
Alternating Hemiplegia of Childhood
Christine Simmons1, Kathryn Swoboda2, Kevin Ess1, Alfred George3.
1Pediatrics and Neurology, Vanderbilt University, Nashville, TN, USA,
2Neurology, University of Utah, Salt Lake City, UT, USA, 3Pharmacology,
Northwestern University, Chicago, IL, USA.
Mutations in ATP1A3 have been identified as the genetic cause of alternating
hemiplegia of childhood (AHC). Loss of Na/K-ATPase activity has been pro-
posed as the likely functional consequence of mutations, but specific mecha-
nisms have not been demonstrated. We performed experiments designed to
ascertain the functional and biochemical consequences of the three most com-
mon ATP1A3 mutations (D801N, E815K, G947R) associated with AHC. For
functional studies, we adapted a fluorescence-based thallium uptake assay sys-
tem to monitor time-dependent uptake into HEK-293 cells stably expressing
either wildtype (WT) or AHC-associated mutant alleles of ATP1A3. A
FLAG epitope was added to the distal carboxyl terminus to enable biochemical
studies. Thallium update assays demonstrated greatly reduced function for the
three AHC-associated mutations compared with WT-ATP1A3. Using cell sur-
face biotinylation and immunofluorescence microscopy, we observed heteroge-
neity among the four ATP1A3 alleles with regard to plasma membrane
expression; WT-ATP1A3 and D801N exhibited similar levels of cell surface
expression, whereas both E815K and G947R had greatly reduced plasma mem-
brane expression. These findings suggested that E815K and G947R may have
impaired protein trafficking to surface membranes. A screen for small mole-
cules that could correct impaired trafficking and restore cell surface expression
of mutant pumps, identified four compounds with activity in the fluorescence-
based thallium uptake assay system. In subsequent validation experiments us-
ing cell surface biotinylation coupled with western blot analysis, two of the
compounds including one with weak proteasome inhibitory activity exhibited
partial rescue of plasma membrane expression. In separate proof-of-concept ex-
periments, we demonstrated that the potent proteasome inhibitor bortezomib
restored plasma membrane expression of E815K and G947R to levels similar
to WT-ATP1A3. We conclude that reduced cell surface expression may
contribute to ATP1A3 loss-of-function in AHC and may be reversible with pro-
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Complex I is a respiratory pump (NADH:quinone oxidoreductase) in the elec-
tron transport chain of mitochondria that can produce a significant amount of
reactive oxygen species (ROS) in the form of superoxide and hydrogen
peroxide. Hydrogen peroxide is formed at the flavin mononucleotide (FMN),
but the location of superoxide production is less certain. A computer model
fit to kinetic data is used to determine the location and rates of ROS production.
The model includes the major redox centers in the complex: the FMN, iron-
sulfur cluster N2, and semiquinone. The analysis identifies that the fully
reduced FMN and semiquinone are the major sources of superoxide with little
to no production from the iron-sulfur cluster N2. Also, the FMN radical only
produces superoxide when turnover at the quinone-reductase site is blocked.
When electron flow through the complex is reversed, ROS production is maxi-
mized with the FMN and semiquinone producing similar amounts. Moreover,
high membrane potentials and alkaline matrix pH stimulate ROS production.
Of all the ROS produced, the majority originates from the FMN. The Complex
I model is integrated into a larger model of the respiratory chain that includes
ROS production from Complex III, and the relative rates of ROS production
from each complex is determined under a variety of simulated conditions.
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The VDAC (Voltage Dependent Anion selective Channel) family of proteins is
composed of three evolutionary related isoforms in vertebrates [1-2]. Despite
the sequence similarity, the functional data existing nowadays point to different
functions for them. The isoforms are expressed at different levels [3], and show
a different ability to complement the growth defect in yeast S. cerevisiae devoid
of the endogenous porin [4], indicating that either they have different capacities
to be translocated in the OMM or they have really different pore-forming activ-
ity, at least when expressed in S. cerevisiae [4-5]. We are trying to elucidate the
functional role of VDAC3, the least abundant and most elusive member of the
family, with various molecular and predictive approaches. In our hands the
reconstitution of recombinant human VDAC3 gave origin to an unexpected
pore-formation activity, with pores by far smaller than those of other isoforms
[5]. The molecular dynamics analysis of the three isoforms does not support
such activity in terms of predicted diameters [6]. The definition of the
VDAC3 interactome [7] shows that various cytosolic or cytoskeletal proteins
can influence the activity of the protein. Other evidence will be reported to
explain this puzzling behavior of the VDAC3 isoform.
Acknowledgments: PRIN 2010CSJX4F (VDP, IS, MC).
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The mitochondrial voltage-dependent anion-selective channel (VDAC) is the
major permeation pathway for small ions and metabolites through the mito-
chondrial outer membrane. The deciphering of the mechanism underpinning
anion transport through the VDAC and of its selectivity is important as most
of the chemical species entering or leaving the mitochondrion are anions that
are directly involved in respiration. Although a wealth of electrophysiological
data has been obtained on different VDAC species, the physical mechanisms of
their ionic selectivity are still elusive. We addressed this issue using electro-
physiological experiments performed on plant VDAC.
Here we examined the ionic selectivity of the open state of the plant
PcVDAC experimentally and theoretically. We demonstrated that a simple
312a Monday, February 9, 2015one-compartment macroscopic electrodiffusion model including both ion diffu-
sion and an effective fixed charge in the pore can properly describe the selec-
tivity of the channel. Using Brownian Dynamics (BD) simulations performed
on plant and mammalian VDACs we also proposed a comprehensive detailed
model of the molecular mechanism of ion permeation.
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Cl- and HCO3
- are the twomajor cellular anions. Surprisingly, a role of intracel-
lular Cl- (Cl-in) as a signaling molecule that regulates the activity of other trans-
porters has not been evaluated. We found that Cl-in functions as a regulator of
cellular Naþ and HCO3
- concentrations by regulating the activity of several
NBCs. All forms of regulation by Cl-in are mediated by the Cl
- interacting
GXXXP motifs. In the basal state NBCe1-B is inhibited by high Cl-in, while
NBCe1-A is resistant to Cl-in between 5-140 mM. By contracts, the IRBIT-
activated NBCe1-B and the basal activity of NBCe2-C are inhibited by high af-
finity Cl-in sites, with apparent affinity of about 10 mM. The NBCe1-B high and
low affinity Cl-in sites aremediated by separate GXXXPmotifs.Mutations in the
GXXXPmotifs in the autoinhibitory site of NBCe1-B and the GXXXPmotif in
the N terminus of NBCe2-C eliminated inhibition by low Cl-in, while sparing in-
hibition of NBCe1-B by high Cl-in. Mutation of a second N terminus GXXXP
motif was required to eliminate inhibition of NBCe1-B by Cl-in. Deletion of res-
idues 29-41 of NBCe1-A uncovered inhibition by Cl-in that was mediated by a
hidden GXXXP motif homologous with the NBCe1-B low affinity site. These
finding reveal a novel Cl-in sensing mechanism that is transmitted by regulation
of Naþ and HCO3
- transporters with major implication for cellular Naþ and
HCO3
- homeostasis and epithelial fluid and electrolyte secretion.
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Lysosomes are the terminal organelle in the endocytic pathway and have a char-
acteristic internal pH that must be maintained for proper function. The V-type
ATPase, present in all organelles in the endocytic pathway, is responsible for
pumping protons into the lumen, which generates a voltage that must be dissi-
pated by the ‘‘counterion pathway.’’ The counterion may be a cation moving
out, an anionmoving in, or a combination of the two. In lysosomes, Cl- is a prom-
inent candidate counterion because ClC-7, a chloride/proton antiporter, is
located in the lysosomalmembrane. However, ClC-7’s contribution to acidifica-
tion remains controversial. Previous qualitative siRNA knockdown experiments
in HeLa cells indicate a pH increase in lysosomeswith ClC-7 knocked down, but
experiments with knockout mice have indicated no pH change when comparing
wild type and ClC-7 knockout lysosomes. To further study this, we developed a
robust and quantitative method for pH measurement in live cells using the fluo-
rescent dyeOregonGreen488 covalently attached to dextran.Dextran is shuttled
along the endocytic pathway and accumulates in lysosomes, but does not get
degraded by lysosomal enzymes. Oregon Green 488 has two excitation wave-
lengths that are used: excitation at 490nm is strongly pH sensitive, while excita-
tion at 440nm is pH stable, providing a ratiometric reference standard. Using a
pool of four siRNA molecules to knock down ClC-7 in U-2 OS cells, we
observed two populations of lysosomes: one with a pH similar to untransfected
cells and onewith a significantly higher pH.Control siRNAexperiments showed
no increase in lysosomal pH, indicating that the increase observed is due to the
ClC-7 targeting siRNA. Knocking down Ostm1, the b-subunit of ClC-7, pro-
duced similar results to those of the ClC-7 knockdown, confirming that ClC-7
is necessary for proper pH maintenance.
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Prestin (SLC26A5), the protein responsible for electromotility in the mamma-
lian outer hair cell, remains incompletely characterized. We are interested in
the protein’s transporter/channel-like behavior. Clearly, the functional analysis
of many chloride-related membrane proteins, such as channels/transporters/re-
ceptors, would benefit from a genetically encoded chloride sensor with reliable
properties. Recently we developed an YFP-based chloride sensor, mCl-YFP(Sheng et al., PLoS ONE 2014, 9(6): e99095), with chloride Kd of 14 mM
and pKa of 5.9, as well as 15-fold better photostability than wild-type EYFP.
Using this chloride sensor, we demonstrated enhanced dynamic flux of chloride
in the mM range into HEK cells expressing the fused protein of prestin and
mCl-YFP. In order to avoid photobleaching interference during long exposure
measurements, a new chloride sensor was developed with 80-fold better photo-
stability than wild-type EYFP by stabilizing the chromophore structure via
hydrogen-bond network. Other characteristics are similar to the original sensor
we developed. We are currently testing the new sensor’s sensitivity to other an-
ions that typically exist in cells. We expect that this sensor will provide more
detailed information on the transporter function of prestin, as well as other
membrane proteins.
Systems Biology and Disease
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Cancer is the second most common cause of death in the US. While mathemat-
ical models are often used to predict progression of the disease and treatment
outcomes, we don’t yet know how to accurately model tumor growth. Several
ODE models (exponential, Mendelsohn, logistic, linear, surface, Bertalanff y,
and Gompertz) have been proposed to model tumor growth. We examined
the predictions of the models both for untreated growth and growth during
treatment with chemotherapy. We compared the predicted maximum volume
of the tumor, the doubling time, and the amount of chemotherapy needed to
end tumor growth for each of the models and found that the predictions vary
dramatically. This work highlights the need for detailed experiments to aid
in choosing appropriate cancer growth models.
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In living cells, ribosomes are the factories that translate proteins from mRNA.
Ribosomal RNAs are synthesized through the transcription of seven ribosomal
RNA operons(rrnA, rrnB, rrnC, rrnD, rrnE, rrnG, rrnH), which contain 99%
identical genes encoding the 16S, 23S, and 5S rRNAs, and one or several
tRNAs. Despite thorough investigation of the structures and functions of ribo-
somes, the biogenesis of ribosomes in vivo remains poorly characterized. Since
E. coli can grow with only one intact rRNA operon with surprisingly little
growth defect, the reasons for the presence of seven closely identical copies
of the rRNA operons and their possibly distinguishable contributions to the to-
tal complement of ribosomes are not yet answered. In this work, we will
develop a system to label and distinguish the individual operons while simul-
taneously determining the amount and spatial distribution of the ribosomes
generated by each operon from the other ribosomes. The rRNA operon loci
are labeled by the fluorescent repressor-operator system. In order to distinguish
between ribosomes, a short sequence is inserted into a phylogenetically vari-
able region of the 23S rRNA of the target rRNA. Single molecule FISH
(smFISH) probes targeted at this inserted sequence enable the super resolution
imaging of the ribosomes generated from the modified rRNA. The system al-
lows measuring the ribosome output of each operon in different growth state
and its kinetics of switching between growth states and therefore will further
reveal the biogenesis of ribosomes and its possible contributions to determining
global patterns of gene expression.
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Chirality (‘‘rotation direction’’) represents a fundamental property of spiral
waves, self-sustaining vortices of electrical activity thought to underlie a num-
ber of re-entrant cardiac arrhythmias. However, the key regulators of spiral
wave chirality remain unclear. We introduced inexcitable obstacles into cardiac
monolayers composed of embryonic cardiac chick cells, which gave rise to
clockwise-rotating, counterclockwise-rotating, and pairs of spiral waves. Nu-
merical simulations of the experiments showed that the precise location of
the obstacle in combination with the pacing frequency determined spiral
wave chirality [1]. In particular, we observed that obstacle position controls
